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(57)  Repair system (1) for performing at least one
repair task in at least one wind turbine (2), in particular
the nacelle (5), the repair system (1) comprising:

- a controllable robotic repair device (15) installed in the
wind turbine (2), in particular the nacelle (5),

- an operating device for remotely operating the robotic
repair device (15), which comprises a control device (23)
and virtual reality equipment (3) providing a virtual reality
environment of the interior of the wind turbine, in partic-
ular the nacelle (5), for at least one human service user
provided remote to the wind turbine (2),

- wherein the control device (23) of the operating device
is adapted to remotely control the robotic repair device
(15) according to user input commands provided via the
virtual reality equipment (3).
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Description

[0001] The invention concerns a repair system for per-
forming at least one repair task in the nacelle of at least
one wind turbine. The invention also concerns a method
for performing at least one repair task in a nacelle of at
least one wind turbine using a repair system.

[0002] Wind turbines are large-scale electrical power
generation devices, which are often placed away from
infrastructure, for example in the case of offshore wind
parks, which may comprise a large number of such wind
turbines positioned in the sea. Wind turbines usually
comprise a tower carrying a nacelle, to which a rotor ar-
rangement having, for example, a rotor hub and at least
two, preferably three, wind turbine blades are mounted.
In a direct drive wind turbine, the rotor arrangement di-
rectly drives a generator of a power generation arrange-
ment housed in the nacelle, while in other cases, a gear
box may be used between rotor bearing and generator.
The power generation arrangement of a wind turbine may
additionally comprise at least one converter for preparing
generated electrical power for feeding into a power grid.
The nacelle may additionally comprise a controller or
control unit of the wind turbine, controlling its operation.
[0003] Wind turbines are subject to large forces, asso-
ciated effects like vibrations, and high power, such that,
in addition to regular maintenance tasks, wear effects
and other fault conditions may occur, wherein, in many
cases, the wind turbine operation needs to be stopped.
Operation of the wind turbine is then suspended until a
service technician was informed, planned a trip, made
the trip to the wind turbine and performed the required
repair tasks. In particular in the case of offshore wind
turbines, weather is an important factor determining
when the wind turbine may resume operation, since a
trip to the wind turbine may only be undertaken if weather
allows it. That is, the overall time until the wind turbine
may again be put into operation, and thus the loss in
power generation due to the malfunction, is dominated
by the time the technician needs to travel to the wind
turbine, wherein the pure repair time is usually negligible
in comparison. In summary, even small technical mal-
functions in a wind turbine may result in a long downtime
and thus losses in power generation and high cost.
[0004] Itis an object of the currentinvention to provide
for faster execution of repair tasks in wind turbines, in
particular offshore wind turbines.

[0005] This object is achieved by providing a repair
system according to claim 1 and a method according to
claim 12. Advantageous embodiments are described in
the dependent claims.

[0006] A repair system for performing at least one re-
pair task in at least one wind turbine, in particular the
nacelle, according to the invention comprises:

- a controllable robotic repair device installed in the
wind turbine, in particular the nacelle,
- an operating device for remotely operating the ro-
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botic repair device, which comprises a control device
and virtual reality equipment providing a virtual real-
ity environment of the interior of the wind turbine, in
particular the nacelle, for at least one human service
user provided remote to the wind turbine,

- wherein the control device of the operating device is
adapted to remotely control the robotic repair device
according to user input commands provided via the
virtual reality equipment.

[0007] While the invention will be described as relating
to the interior of the nacelle of the wind turbine as the
most relevant use case, itis noted thatitis also applicable
to other interior areas of the wind turbine, for example
inside the tower, in particular in an equipment room or
on a platform of the tower.

[0008] The invention provides an option for a human
service user, in particular a service technician, to repair
the wind turbine remotely, without the necessity to phys-
ically enter the wind turbine. In particular, the service
technician, that is, the human service user, may use vir-
tual reality to operate equipment, comprising at least a
robotic repair device, that is installed in the interior, in
particular in the nacelle of the wind turbine. The robotic
repair device may be understood as an avatar which is
operated using a virtual reality environment. Access to
the virtual reality environmentis provided by virtual reality
equipment provided remote to the wind turbine, for ex-
ample ataworkplace of the human service user. A control
device receives user input commands generated by the
virtual reality equipment to generate respective control
signals for the robotic repair device in the wind turbine.
That is, a communication link between the workplace of
the user and the wind turbine, in particular the robotic
repair device, is used, which preferably allows for wire-
less communication. The control device may be distrib-
uted. That is, different sub-systems of the control device
may be located at different locations. However, in some
embodiments, the control device may also be implement-
ed as or comprise a central server device, in particular
when the repair system comprises multiple robotic repair
devices located in different wind turbines and/or multiple
sets of virtual reality equipment, such that, in particular,
multiple repair tasks in different wind turbines may, in
particular simultaneously, be performed using the repair
system according to the invention.

[0009] Generally speaking, the repair system accord-
ing to the invention may thus comprise multiple robotic
repair devices in multiple wind turbines, for example in
all wind turbines of at least one wind park, and/or multiple
sets of virtual reality equipment. In this manner, even
large-scale wind parks may be serviced by using one
repair system, in particular by coupling a certain set of
virtual reality equipment to the robotic repair device of a
certain wind turbine. Maintenance and repair may thus
be provided remotely without the need for expensive and
effortful time-consuming travel activities by the service
technician.
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[0010] Using the repair system according to the inven-
tion may thus lead to reduced downtimes, reduced man-
ual effort of service technicians and thus reduced cost,
to higher availability of wind turbines and decreased lev-
elized cost of electricity.

[0011] As should be noted, while the invention focuses
onunplanned maintenance/repair tasks which mightlead
to downtimes of the wind turbine, the repair system is, of
course, also applicable to regular, planned maintenance
and/or repair tasks.

[0012] A process using the repair system according to
the invention may be as follows. First of all, a fault con-
dition, in particular a malfunction, occurs at a wind tur-
bine, in particular causing a downtime or at least reduc-
tion in power generation. Data analysis, in particular
based on alarm and/or status information of the wind tur-
bine reveals that a certain repair task is required. Once
the repair task to be performed is determined, the repair
system according to the invention may be put into oper-
ation. A service technician as the human service user
uses the virtual reality equipment to virtually enter the
wind turbine, in particular its nacelle, implemented as the
virtual reality environment. The service technician oper-
ates the robotic repair device via user input commands
generated in the virtual reality environment using the vir-
tual reality equipment. In other words, the service tech-
nician operates an avatar that performs physical actions
inside the wind turbine. As soon as the repair task has
been performed in this manner, the wind turbine may, if
applicable, again be put into operation and/or have its
power generation increased.

[0013] It is noted that not necessarily all repair tasks
may be performed remotely, for example regarding repair
tasks requiring the replacement of a larger component,
for example the converter, the generator or the like. In
this case, the repair system is, of course, only used for
repair tasks it is configured to perform, however, prepar-
atory steps for on-site repair tasks may, at least in some
cases, also be performed using the repair system ac-
cording to the invention.

[0014] In preferred embodiments, the repair system
may also comprise atleast one tool for repair, in particular
as part of the robotic repair device or usable by the robotic
repair device. For example, some tools, for example pin-
cers, screw drivers and the like may be implemented as
aconstructive part ofthe robotic repair device, while other
tools, in particular larger tools that are required less often
may be stored on-site in the wind turbine, in particular its
nacelle, such that they may be picked up and used by
the robotic repair device.

[0015] The repair system may also comprise spare
parts, in particular regarding smaller components or sub-
components of the wind turbine such as screws, bolts,
connectors, cables and the like. In this manner, when an
easily replaceable component and/or sub-component is
broken, damaged, or faulty, it may simply be replaced by
the robotic repair device using the spare part provided
on-site the wind turbine.
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[0016] Asalreadylaid outabove, forthe remote service
technician, the repair system according to the invention
provides a set of virtual reality equipment. In preferred
embodiments of the invention, the robotic repair system
may comprise at least one environment sensor, in par-
ticular a camera, and the virtual reality equipment may
comprise virtual reality glasses, wherein the control de-
vice is adapted to generate the virtual reality environment
for the virtual reality glasses based on sensor data from
the at least one sensor of the robotic repair device. That
is, the virtual reality equipment may comprise virtual re-
ality glasses, in particular a virtual reality headset, as for
example known under the trademark "Oculus Quest",
available from Facebook Technologies, LLC. Environ-
ment sensors on-site, in particular directly coupled to an
actuator of the robotic repair device, provide current in-
formation regarding the state of the wind turbine compo-
nents and/or the robotic repair device and can, as in prin-
ciple known from other applications in the state of the art,
be used to produce a virtual reality environmentreflecting
the current state on-site. Further preferably, the virtual
reality equipment may comprise virtual reality gloves,
wherein the control device is adapted to derive at least
one user input command from movement data of the vir-
tual reality gloves. In many cases, such virtual reality
gloves already come as a set with virtual reality glasses,
in particular a virtual reality head-set. However, user input
commands may also be derived from the virtual reality
glasses, as, in a preferred embodiment, the virtual reality
glasses may comprise at least one user monitoring sen-
sor and the control device may be configured to adapt a
representation of the virtual reality environment based
on sensor data from the user monitoring sensor and/or
to derive at least one user input command from sensor
data of the user monitoring sensor. For example, a user
monitoring sensor of the virtual reality glasses may com-
prise an eye sensor to determine a viewing direction of
the user and/or blinking movements of the user. The at
least one user monitoring sensor may also comprise at
least one inertial sensor and/or acceleration sensor, in
particular an inertial platform, for detecting head move-
ments of the user, in particular, the service technician.
The displayed representation of the virtual reality envi-
ronment may be adapted based on such information, but
sensor data from the user monitoring sensors may also
be used to derive user input commands. For example, a
user may fixate a certain position in the virtual reality
environment with his gaze and may perform a certain
blinking gesture, for example blinking two times in suc-
cession, to interact with the position. Such interaction
concepts have already been proposed in the state of the
art for other applications and will not be described further
in this application. Regarding gloves for virtual reality
equipment, it is exemplarily referred to an article by K.
Song et al., "Pneumatic actuator and flexible piezoelec-
tric sensor for soft virtual reality glove system", Scientific
Reports 9 (2019) 8988.

[0017] Itis again noted that, preferably, the virtual re-
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ality environment may be a representation of the interior
of the nacelle, where the robotic repair device is installed.
[0018] As already discussed, arepair task needs to be
determined before it can be performed. In this context,
the control device may be adapted to determine, based
on status information, in particular comprising alarm in-
formation, received from a wind turbine controller and/or
sensor data of the at least one environment sensor repair
task information describing a current repair task. In such
an embodiment, repair task information may be deter-
mined by the control device itself. However, additionally
or alternatively, the control device may also be adapted
to receive repair task information, for example from a
higher-level monitoring device or system. In other cases,
of course, repair task information may also be input man-
ually. Of course, repair task information may be validated
and/or refined by the human service user via the virtual
reality equipment.

[0019] In preferred embodiments, the control device
may be adapted to, in the virtual reality environment,
highlight objects of the nacelle relevant for the repair task
according to the repair task information and/or fade ob-
jects not relevant for the repair task according to the re-
pair task information. In other words, objects like tools to
use in the repair tasks, components and/or sub-compo-
nents to repair and/or parts affected by the repair task
may be highlighted in the virtual reality environment, for
example, by using a different color than their natural
color, adding a luminescence effect and/or increasing
brightness. On the other hand, objects that are not rele-
vant to the repair tasks can be faded, that is, in effect,
"counter-highlighted", in the virtual reality environment,
for example by changing their natural colors to grey tones
according to a grey scale and/or blurring their outlines.
This facilitates work for the service technician in the vir-
tual reality environment, guiding him to objects relevant
and required for the current repair task.

[0020] Further preferably, the control device may be
adapted to include virtual hub and/or status information
objects into the virtual reality environment according to
the repair task information and/or the status information.
For example, if a repair task is related to overheating,
current temperature values of a temperature sensor of
the wind turbine, which have been received by the control
device, may be displayed, and/orthe corresponding com-
ponent or sub-component of the wind turbine may be
colored in a corresponding red tone. Additionally, or al-
ternatively to such display of status information, the repair
task information may also be used to guide the user
through the repair tasks, for example by including arrows,
textural information and/or pictogram information as ob-
jects into the virtual reality environment, simplifying the
performance of the repair task. In this manner, the repair
task may be performed fast and reliably.

[0021] Regarding the robotic repair system, in pre-
ferred embodiments, the robotic repair device may com-
prise at least one manipulator, in particular comprising
atleast one tool and/or adapted to handle a tool provided
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in the nacelle. In particular, the manipulator may be a
grabbler and/or a robot arm. In an envisaged embodi-
ment, the robotic repair device may be or comprise a
humanoid robot. As, however, such humanoid robots are
difficult to technically implement, other solutions at least
partly resembling human perception and/or activity range
may be implemented in the robotic repair device, since
converting user input commands, in particular also com-
prising movements of the user, to control signals for the
robotic repair device is strongly simplified. For example,
in a preferred embodiment, if the robotic repair device
also comprises at least one environment sensor, in par-
ticular a camera, as described above, the at least one
environment sensor and the atleast one manipulator may
be arranged in a human eye-to-arm relationship.

[0022] Inthis manner, the atleastone manipulator may
be intuitively understood as a replacement for an arm of
the service technician and may, for example, also be de-
picted as anarmin the virtual reality environment. In other
words, the at least one environment sensor may act as
a replacement for an eye of the user, while the at least
one manipulator may act as a replacement for an arm of
the user.

[0023] Preferably, the roboticrepairdevice may further
comprise a positioning assembly for positioning the ma-
nipulator. Forexample, the manipulator and, in particular,
additionally the at least one environment sensor, may be
mounted on a steerable and/or at least partly autono-
mous mobile platform, for example positioned on the floor
of the nacelle. However, since the nacelle may be subject
to vibrations and/or other movements, which may de-
crease the accuracy of actions performed using the ma-
nipulator, guidance systems that are fixed to the wind
turbine, in particular the nacelle itself, are preferred.
[0024] In a preferred embodiment, the positioning as-
sembly may comprise a first guiding device, in particular
guide rail, and a second guiding device, in particular
guide rail, wherein the second guiding device is guided
in the first guiding device in a first direction and the ma-
nipulator is guided in the second device in a second di-
rection, which is in particular perpendicular to the first
direction. Each guiding device may comprise actuators,
in particular motors, controllable by the control device to
adjust to a certain position and/or perform a movement,
each defined by corresponding user input commands, of
the manipulator. Using perpendicular linear guides, in
particular guiding rails, allows for movement and posi-
tioning to any position in a two-dimensional coordinate
system spanned by the first and the second direction. In
especially preferred embodiments, such a positioning as-
sembly may be supplemented by a height adjustment
device, for example a telescope-like height adjustment
device coupling the manipulator to the second guiding
device, in particular guide rail. In this manner, the ma-
nipulator can be positioned in any three-dimensional lo-
cation covered by the positioning ranges of each posi-
tioning assembly component. In particular for coupling
the manipulator to the height adjustment device, a gimbal
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assembly having a corresponding actuator may also be
provided to provide multiple orientations of the manipu-
lator. Of course, other joints, for example of an robotic
arm as or as part of the manipulator, may also be pro-
vided.

[0025] Preferably, the first direction may correspond
to a longitudinal direction of the nacelle and/or the direc-
tion of the rotational axis of the wind turbine rotating as-
sembly, and/or the first guiding device may be mounted
to the ceiling of the nacelle. This facilitates integrating
the positioning assembly into the nacelle, which usually
is longitudinal, such that, in the corresponding longitudi-
nal direction which often corresponds to the rotational
axis, multiple components and/or sub-components follow
each other.

[0026] In particularly preferred embodiments, the po-
sitioning range of the positioning system, in particular the
first guiding device, may span at least partly a rotor bear-
ing and/or a gear box and/or a power generation assem-
bly, in particular a generator, in the nacelle. In this man-
ner, each major component in the nacelle is accessible
for repair tasks by the manipulator.

[0027] The invention further concerns a method for
performing at least one repair task in at least one wind
turbine, in particular a nacelle, using a repair system, in
particular according to the invention, the repair system
comprising a controllable robotic repair device installed
in the wind turbine, in particular the nacelle, and an op-
erating device for remotely operating the robotic repair
device, which comprises a control device and virtual re-
ality equipment providing a virtual reality environment of
the interior of the wind turbine, in particular the nacelle,
for at least one human service user, wherein the virtual
reality equipment is provided remote to the wind turbine,
wherein the robotic repair device is remotely controlled
according to user input commands provided via the vir-
tual reality equipment. Allcomments and features regard-
ing the repair system according to the invention corre-
spondingly apply to the method according to the inven-
tion, such that the same advantages are achieved.
[0028] Preferably, in a method according to the inven-
tion, protocol information describing each repair task is
stored, in particular in the control device, the protocol
information in particular comprising a repaired compo-
nent of the wind turbine, used tools and/or processing
steps to perform the repair according to user input com-
mands. In this manner, each repair task can be recon-
structed at a later time, for example for review, quality
management and the like. The protocol information may
be stored in the control device or in another storage de-
vice, in particular in a database, for later evaluation/use.
However, in especially preferred embodiments of the cur-
rent invention, such protocol information, in particular
from repair tasks in different wind turbines and/or per-
formed by different service technicians as human service
users, may be used as training data for machine learning
an artificial intelligence algorithm to, after sufficient train-
ing, autonomously perform at least a part of the repair
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tasks.

[0029] That is, in such especially preferred embodi-
ments, stored protocol information for multiple repair
tasks may be used to train an artificial intelligence auto-
matic control algorithm, wherein the trained automatic
control algorithm is used for fully automatic performance
of atleastone future repair task by, in particular remotely,
controlling the robotic repair device. In concrete embod-
iments, the automatic control algorithm may comprise a
neural network and/or training may be performed as re-
inforcement learning. That s, the automatic control algo-
rithm learns how to operate the robotic repair device to
perform repairs. If the trained automatic control algorithm
is applied in the control device, repair tasks may be per-
formed fully automatically using the robotic repair device.
In such embodiments, the way towards an autonomous
wind turbine is paved, in which the robotic repair device,
which may be understood as an avatar, is not controlled
by a human service technician, but can perform repair
tasks (or other service tasks) autonomously.

[0030] In general, an artificial intelligence algorithm,
which may also be called trained function or machine
learned algorithm, mimics cognitive functions that hu-
mans associate with other human minds. In particular,
by training based on training data, in this embodiment
protocol information, the artificial intelligence algorithm
is able to adapt to new circumstances and to detect and
extrapolate patterns. In general, parameters of an artifi-
cial intelligence algorithm can be adapted by means of
training. While, in principle, known learning techniques
(training techniques), such as supervised learning, semi-
supervised learning, and/or unsupervised learning can
be used. Reinforcement learning is especially preferred.
Furthermore, representation learning (an alternative
term is "feature learning") can be used. In particular, the
parameters of the artificial intelligence algorithm can be
adapted iteratively by several steps of training.

[0031] An artificial intelligence algorithm, in this case
the automatic control algorithm, can comprise a neural
network, a support vector machine, a decision tree and/or
a Bayesian network, and/or the artificial intelligence al-
gorithm can be based on K-means clustering, Q-learning,
genetic algorithms and/or association rules. Of course,
other algorithms or algorithm classes may also be used.
In particular, a neural network, which is usually a deep
neural network, may, for example, be a convolutional
neural network or a recurrent neural network. Further-
more, a neural network can be a generative adversarial
network.

[0032] Otherobjects and features of the presentinven-
tion will become apparent from the following detailed de-
scription considered in conjunction with the accompany-
ing drawings. The drawings, however, are only principle
sketches designed solely for the purpose of illustration
and do not limit the invention. The drawings show:

Fig. 1 aprinciple drawing of a repair system according
tothe invention implemented for a wind turbine,
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Fig. 2 aview of a robotic repair device installed in the
nacelle of the wind turbine and

Fig. 3 a flowchart describing an embodiment of a
method according to the invention.

[0033] Fig. 1 shows arepair system 1 implemented for

awind turbine 2. Itis, however, noted already at this point,
that in preferred embodiments, the repair system 1 is
provided for multiple wind turbines 2. Additionally, the
repair system may comprise multiple sets of virtual reality
equipment 3 such that multiple repair tasks may be per-
formed simultaneously by multiple human service users,
in particular service technicians.

[0034] As can be seen, the wind turbine 2 comprises
a tower 4 on which a nacelle 5 is rotatably mounted. A
rotating assembly 6 comprising three wind turbine blades
7 and a rotor hub 8 is mounted on the nacelle 5. In the
nacelle 5, a rotor bearing 9, a gear box 10, and a power
generation assembly 11 are housed, as well as a con-
troller 12 of the wind turbine 2. The power generation
assembly 11, in this embodiment, comprises a generator
13 and at least one converter 14.

[0035] To be able to perform repair tasks in the nacelle
5 of the wind turbine 2, the repair system 1 comprises a
robotic repair device 15 installed inside the nacelle 5, in
this case comprising at least one manipulator 16 only
indicated in fig. 1 and a positioning assembly 17 for po-
sitioning the manipulator 16 inside the nacelle 5.

[0036] The positioning assembly 17 comprises a first
guiding device 18, in this case a guard rail extending in
a first direction, which is the longitudinal direction of the
nacelle 5 and thus the direction of the rotating axis of the
rotating assembly 6. The guard rail spans at least part of
the rotor bearing 9, the gear box 10, the generator 13
and, at least on part, the at least one converter 14 such
that a second guiding device 19 guided in the first guiding
device 18 can be positioned above each of those com-
ponents, since, in this case, the positioning assembly 17
is mounted to the ceiling 20 of the nacelle 5. The second
guiding device 19 is also a guide rail extending in a sec-
ond horizontal direction perpendicular to the first direc-
tion, thus perpendicular to the longitudinal direction of
the nacelle 5. The manipulator 16 is coupled to the sec-
ond guiding device 19 by a height adjustment device 21,
in this case a telescope arm which is perpendicular to
the first and second guiding devices. In this manner, the
manipulator 16 can be positioned anywhere in the three-
dimensional space of the nacelle 5 allowed by the posi-
tioning ranges of the components of the positioning as-
sembly 17, that is, the first guiding device 18, the second
guiding device 19 and the height adjustment device 21.
Each of these components of the positioning assembly
17 comprises at least one controllable actuator, as does
the manipulator 16, which may be or comprise a robotic
arm or a grabbler. The robotic repair device 15 further
comprises at least one environment sensor 22, in this
case at least one camera, in particular a 3D-camera,
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mounted on the manipulator 16 or the height adjustment
device 21. It is noted that the controller 12 of the wind
turbine 2 might also be connected to further sensors
and/or control units in the wind turbine 2, which are not
shown for simplicity reasons, which provide status infor-
mation or, for example comprising alarm information, re-
garding the wind turbine 2, in particular the components
and sub-components housed in the nacelle 5.

[0037] The repair system 1 further comprises a control
device 23. The control device 23 is adapted to receive
sensor data of the at least one environment sensor 22
and to control the robotic repair device 15 by sending
corresponding control signals using a wireless commu-
nication link 24. The control device 23 also provides a
virtual reality environment of the interior of the nacelle 5
for the already mentioned at least one set of virtual reality
equipment 3 and is adapted to derive user input com-
mands from user data received from the virtual reality
equipment 3. In the embodiment of fig. 1, each set of
virtual reality equipment 3 comprises virtual reality glass-
es 25 as well as virtual reality gloves 26. As in principle
known from the state of the art, the virtual reality glasses
25 comprise atleast one user monitoring sensor, wherein
the control device 23 is adapted to adapt a representation
of the virtual reality environment based on sensor data
from the user monitoring sensor and to derive user input
commands from sensor data of the user monitoring sen-
sor. For example, interaction with objects of the virtual
reality environment may be implemented by fixating ob-
jects with the gaze of the human service user and per-
forming predefined blinking movements and/or eye
movements by the user. Furthermore, of course, user
input commands can also be derived from movement
data of the virtual reality gloves 26.

[0038] The control device 23 may be configured to de-
termine repair task information concerning a current re-
pair task by itself, in particular by evaluating status infor-
mation received from the controller 12 and/or sensor data
received from the at least one environment sensor 22.
Status information from the controller 12 may, of course,
also comprise alarm information if a fault condition, in
particular a malfunction, has been detected by the con-
troller 12. Using such information, the control device 23
may derive a repair task to be performed and compiles
respective repair task information. Alternatively or addi-
tionally, repair task information may also be received by
the control device 23, for example from the controller 12
or a higher-level device.

[0039] If it was determined that the wind turbine 2
needs repair by performing a corresponding repair task,
a human service user, in particular a service technician,
is contacted and may use the virtual reality equipment 3
to act in the virtual reality environment 23 generated by
the control device 23 and resembling the interior of the
nacelle 5. The virtual reality environment depicts, using
the virtual reality glasses 25, the current state of the in-
terior of the nacelle 5, in particular based on the sensor
data of the camera as environment sensor 22 and/or sta-
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tus information from the controller 12. However, the vir-
tual reality environment is enriched with additional infor-
mation or help by the control device 23 based on the
repair task information. In particular, objects relevant for
the repair task may be highlighted, for example by rep-
resenting them in signal colors instead of the natural
colors in the virtual reality environment or increasing their
brightness. On the other hand, objects not relevant for
the repair task may be faded out, for example represent-
ed blurred and/or in grey scale colors. Further, the control
device 23 adds virtual help information objects and virtual
status information objects, for example showing the tem-
perature of certain components and/or sub-components
and providing hints on performing the repair task, for ex-
ample by arrow objects. In particular regarding status
information objects, of course, also status information
received from the controller 12 may be used directly.
[0040] While the service technician performs the repair
task by generating corresponding user input commands
resulting in control signals for the robotic repair device
15, protocol data describing the execution of the repair
task is collected. It is noted that, for performing the repair
task, tools 27 and/or spare parts 28 located in the nacelle
5, in particular as part of the repair system 1, may be
used. Tools 27 may be integrated into the manipulator
16 or picked up and handled by the manipulator 16. Pro-
tocol information may, in particular, comprise the com-
ponent or sub-component to be repaired, tools used and
processing steps to perform the repair task.

[0041] Fig. 2 shows an exemplary concrete embodi-
ment of the robotic repair device 15 as a schematical
drawing. In this embodiment, both the first guiding device
18 as well as the second guiding device 19 of the posi-
tioning assembly 17 are realized as guide rails 29 in per-
pendicular first and second directions 30, 31. The height
adjustment device 21 is mounted to a sled of the guide
rail 29 of the second guiding device 19, such that the, in
this case two, manipulators 16, which may be grabblers
orrobotic arms, may also be adjusted in a height direction
32. In this case, the environment sensor 22 implemented
as a camera is positioned above the manipulators 16 in
a human eye-to-arm relationship. This allows for intuitive
input of user input commands by the service technician
and simplifies conversion of user input commands to re-
spective control signals.

[0042] Itis noted that, in this embodiment, the position-
ing assembly 17 further comprises a gimbal assembly
33 having a corresponding actuator, such that the envi-
ronment sensor 22 and/or the manipulator 16 may be
broughtinto different orientations, in particular according
to user monitoring data and/or movement data from the
virtual reality equipment 3. Of course, additionally or al-
ternatively, each manipulator 16 may also comprise at
least one joint.

[0043] Fig. 3 finally shows a flowchart of a preferred
embodiment of a method according to the invention. In
a step S1, repair task information concerning atleast one
repair task in at least one wind turbine 2 is determined
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and/or received, as explained above. In a step S2, a hu-
man service user, in this case a service technician, per-
forms the repair task based on the repair task information
and uses the repair system 1, in particular the virtual re-
ality equipment 3. The execution of this repair task, per-
formed in step S2, is protocolled in a parallel step S3.
Protocol information, comprising at least the component
repaired, the tools used and the process steps per-
formed/initiated by the service technician in step S2, is
stored. Preferably, all repair task information determined
and/received in step S1 may be included into the protocol
information data set of a repair task. Since, as indicated
by arrow 34, multiple repair tasks are performed over
time, a database 35 containing alarge number of protocol
information data sets is generated.

[0044] These protocol information data sets can, once
sufficient data has been acquired, in particular for a cer-
tain class of repair tasks, be used, in a step S4, to train
an artificial intelligence automatic control algorithm to
completely automatically perform repair tasks, in partic-
ular of the class of repair tasks to which the protocol in-
formation used as training data is related. Once the au-
tomatic control algorithm has been sufficiently trained in
step S4, such that it can robustly perform repair tasks,
at least of the repair task class, it may be employed in
the control device 23 to automatically perform at least
some of the repair tasks.

[0045] Although the present invention has been de-
scribed in detail with reference to the preferred embodi-
ment, the presentinvention is not limited by the disclosed
examples from which the skilled person is able to derive
other variations without departing from the scope of the
invention.

Claims

1. Repair system (1) for performing at least one repair
task in at least one wind turbine (2), in particular the
nacelle (5), the repair system (1) comprising:

- a controllable robotic repair device (15) in-
stalled in the wind turbine (2), in particular the
nacelle (5),

- an operating device for remotely operating the
robotic repair device (15), which comprises a
control device (23) and virtual reality equipment
(3) providing a virtual reality environment of the
interior of the wind turbine, in particular the na-
celle (5), for at least one human service user
provided remote to the wind turbine (2),

- wherein the control device (23) of the operating
device is adapted to remotely control the robotic
repair device (15) according to user input com-
mands provided via the virtual reality equipment

3).

2. Repair system (1) according to claim 1, character-
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ized in that the robotic repair device (15) comprises
at least one environment sensor (22), in particular a
camera, and the virtual reality equipment (3) com-
prises virtual reality glasses (25), wherein the control
device (23) is adapted to generate the virtual reality
environment for the virtual reality glasses (25) based
on sensor data from the at least one sensor of the
robotic repair device (15), and/or in that the virtual
reality equipment (3) further comprises virtual reality
gloves (26), wherein the control device (23) is adapt-
ed to derive at least one user input command from
movement data of the virtual reality gloves (26).

Repair system (1) according to claim 1 or 2, char-
acterized in that the control device (23) is further
adapted to determine, based on status information
received from a wind turbine controller (12) and/or
sensor data of the environment sensor (22), and/or
receive repair task information describing a current
repair task.

Repair system (1) according to claim 3, character-
ized in that the control device (23) is adapted to, in
the virtual reality environment, highlight objects of
the interior, in particular the nacelle (5), relevant for
the repair task according to the repair task informa-
tion and/or fade objects not relevant for the repair
task according to the repair task information.

Repair system (1) according to claim 3 or 4, char-
acterized in that the control device (23) is adapted
to include virtual help and/or status information ob-
jects into the virtual reality environment according to
the repair task information and/or the information.

Repair system (1) according to one of the preceding
claims, characterized in that the robotic repair de-
vice (15) comprises at least one manipulator (16), in
particular comprising at least one tool and/or adapt-
ed to handle a tool provided in the interior, in partic-
ular the nacelle (5).

Repair system (1) according to claim 6, character-
ized in that, if the robotic repair device (15) also
comprises at least one environment sensor (22), the
atleastone environment sensor (22) and the at least
one manipulator (16) are arranged in a human eye-
to-arm relationship.

Repair system (1) according to claim 6 or 7, char-
acterized in that the robotic repair device (15) fur-
ther comprises a positioning assembly (17) for posi-
tioning the manipulator (16) .

Repair system (1) according to claim 8, character-
ized in that the positioning assembly (17) comprises
afirstguiding device (18), in particular guide rail (29),
and a second guiding device (19), in particular guide
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10.

1.

12.

13.

14.

15.

rail (29), wherein the second guiding device (19) is
guided in the first guiding device (18) in a first direc-
tion (30) and the manipulator (16) is guided in the
second guiding device (19) in a second direction
(31), which is in particular perpendicular to the first
direction (30).

Repair system (1) according to claim 9, character-
ized in that the first direction (30) corresponds to a
longitudinal direction of the nacelle (5) and/or the
direction of the rotational axis of the wind turbine
rotating assembly (6), and/or the first guiding device
(19) is mounted to a ceiling(20) of the nacelle (5).

Repair system (1) according to any of claims 8 to 10,
characterized in that the positioning range of the
positioning assembly (17), in particular the first guid-
ing device (18), spans at least partly a rotor bearing
(9) and/or a gearbox (10) and/or a power generation
assembly (11), in particular a generator (13), in the
nacelle (5).

Method for performing at least one repair task in at
least one wind turbine (2), in particular the nacelle
(5), using a repair system (1), in particular according
to one of the preceding claims, the repair system (1)
comprising a controllable robotic repair device (15)
installed in the wind turbine, in particular the nacelle
(5), an operating device for remotely operating the
robotic repair device (15), which comprises a control
device (23) and virtual reality equipment (3) provid-
ing a virtual reality environment of the interior of the
wind turbine, in particular the nacelle (5), for at least
one human service user provided remote to the wind
turbine (2),

wherein the robotic repair device (15) is remotely
controlled according to user input commands pro-
vided via the virtual reality equipment (3).

Method according to claim 12, characterized in that
protocol information describing each repair task is
stored, in particular in the control device (23), the
protocol information in particular comprising a re-
paired component of the wind turbine (2), used tools
(27) and/or processing steps to perform the repair
according to user input commands.

Method according to claim 13, characterized in that
stored protocol information for multiple repair tasks
is used to train an artificial intelligence automatic
control algorithm, wherein the trained automatic con-
trol algorithm is used for fully automatic performance
of at least one future repair task by, in particular re-
motely, controlling the robotic repair device (15).

Method according to claim 14, characterized in that
the automatic control algorithm comprises a neural
network and/or training is performed as, in particular
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